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Summary

Severe methylenetetrahydrofolate reductase (MTHFR) deficiency with less than 2% of normal enzyme activity
is characterized by neurological abnormalities, atherosclerotic changes, and thromboembolism. We have
discovered a "new" variant of MTHFR deficiency which is characterized by the absence of neurological
abnormalities, an enzyme activity of about 50% of the normal value, and distinctive thermolability under
specific conditions of heat inactivation. In this study, lymphocyte MTHFR specific activities in the thermo-
labile variant and control groups were 5.58 + 0.91 and 10.33 ± 2.89 nmol formaldehyde formed/mg
protein/h, respectively. The difference was significant (P < .01). However, there was overlap among the
individual values from the two groups. On the other hand, residual MTHFR activity after heat inactivation
was 11.2 ± 1.43% in the thermolabile variant and 36.3 ± 5.18% in the controls. There was no overlap.
Enzyme studies in 10 subjects with thermolabile MTHFR and their family members support the hypothesis
that thermolabile MTHFR is inherited as an autosomal recessive trait. To elucidate the association of thermola-
bile MTHFR with the development of coronary artery disease, we determined the thermostability of lympho-
cyte MTHFR in 212 patients with proven coronary artery disease and in 202 controls without clinical evidence
of atherosclerotic vascular disease. Thermolabile MTHFR was found in 36 (17.0%) cardiac patients and
10 (5.0%) controls. The difference in incidence between the two groups was statistically significant (P < .01).
The average age at onset of clinical coronary artery disease in 36 patients with thermolabile MTHFR was

57.3 ± 7.6 years (35-72 years). The mean total plasma homocysteine concentration in patients with thermola-
bile MTHFR was 13.19 + 5.32 nmol/ml and was significantly different from the normal mean of 8.50

2.80 nmol/ml (P < .05). There was no association between thermolabile MTHFR and other major risk
factors. We conclude that thermolabile MTHFR is a variant(s) of MTHFR deficiency which is inherited
as an autosomal recessive trait. In addition, it is positively associated with the development of coronary artery
disease. Determination of in vitro thermostability of lymphocyte MTHFR is a reliable method for identifying
subjects with this abnormality.

Introduction

Increases in serum cholesterol and low-density lipo-
protein levels have been identified as major risk factors
for the development of atherosclerotic vascular disease
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(Conference on the Health Effects of Blood Lipids
1979; Castelli et al. 1986; Stamler et al. 1986). Re-
cently, high serum levels of lipoprotein Lp(a) have
been shown to be associated with an increased cardio-
vascular risk (Kostner et al. 1981; Dahlen et al. 1986;
Murai et al. 1986). Nonetheless, plasma lipoprotein
abnormalities and other well-recognized risk factors
do not account for all the cases of atherosclerotic vas-
cular disease (Gordon et al. 1974).

Based on the observation of premature occurrence
of arteriosclerosis and of intravascular thromboembo-
lism in patients with severe homocystinuria, homocys-

536



Thermolabile Methylenetetrahydrofolate Reductase

t(e)ine has been entertained as an atherogenic factor
(McCully 1969). However, even with the available
methods for the determination of total homocysteine
and protein-bound homocyst(e)ine, it is sometimes
difficult to detect individuals with a tendency to de-
velop moderate hyperhomocysteinemia (Mudd et al.
1989). For instance, about one third of the obligate
heterozygotes for severe homocystinuria due to cys-

tathionine synthase deficiency have normal plasma
protein-bound homocyst(e)ine (Sartorio et al. 1986),
suggesting that other factors are significant or also
important in influencing plasma homocysteine levels.
Even with methionine loading, excessive homocyste-
ine accumulation is not a constant finding in heterozy-
gotes for cystathionine synthase deficiency (Wilcken
et al. 1983; Murphy-Chutorian et al. 1985; McGill et
al. 1990). Although choline, cyanocobalamin, folic
acid, pyridoxine, protein (methionine) intake, female
sex hormone(s), and age have been identified as nonge-

netic factors affecting plasma homocysteine level
(Mudd et al. 1989), these factors do not account for
all cases of moderate hyperhomocysteinemia. There-
fore, a direct investigation of genetic defect(s) which
predisposes a subject to the development of moderate
hyperhomocysteinemia would be advantageous in the
study of atherosclerotic vascular disease.

Recently, we discovered a "new" variant of MTHFR
with specific enzyme activity of approximately 50%
of the normal mean in lymphocyte extracts. Hyperho-
mocysteinemia was not a consistent finding in subjects
with this variant. The most striking characteristic of
this mutant is its in vitro thermolability at 460C,
which provides a clear distinction between this mutant
and the normal enzyme found in the majority of the
population (Kang et al. 1988a, 1988b). This new vari-
ant was designated "thermolabile variant ofMTHFR"
and should be distinguished fromMTHFR that is ther-
mally unstable at 550C, which is found in some pa-

tients with severe MTHFR deficiency (Rosenblatt and
Erbe 1977).
The major clinical features of severe MTHFR defi-

ciency comprise moderate to profound neurological
abnormalities, mental retardation, and premature
vascular disease (Erbe 1986; Rosenblatt 1989). Bio-
chemical abnormalities include homocystinuria, hy-
perhomocysteinemia, and sometimes hypomethio-
ninemia. MTHFR activity of cultured fibroblasts from
these patients varies from 6% to 12% of the normal
mean. The severity of the clinical and biochemical
abnormalities appear to be correlated with the degree
of enzyme deficiency (Erbe 1986; Rosenblatt 1989).

In contrast, these clinical and biochemical features are
lacking in subjects with the thermolabile variant of
MTHFR, except that increased total plasma homocys-
teine is observed in some cases. Our preliminary study
in 21 cardiac patients under 50 years of age indicated
a positive association between this defect and the de-
velopment of coronary artery disease (Kang et al.
1988a, 1988b). Thus, we extended this study to a
much larger number of subjects with cardiovascular
disease irrespective of age.

In this paper, we present evidence supporting the
hypothesis that the thermolabile variant of MTHFR
is associated with higher plasma homocysteine con-
centration and the development of atherosclerotic vas-
cular disease. In addition, the inheritance of thermola-
bile MTHFR follows an autosomal recessive pattern.

Methods

Four hundred and fourteen subjects with or without
coronary artery disease were studied. One hundred
and ninety-six of 212 cardiac patients were admitted
to the Section of Cardiology, Rush-Presbyterian-St.
Luke's Medical Center, for the evaluation of cardio-
vascular disorders. The remaining sixteen cardiac pa-
tients were recruited from other institutions. All had
extensive evaluation including history, physical exam-
ination, blood chemistry, electrocardiogram, chest
roentgenogram, and coronary angiography. The ma-
jority of the cardiac patients received dipyridamole,
diltiazem hydrochloride or nifedipine, and aspirin
therapy. Patients were defined as having coronary ar-
tery disease when angiograms demonstrated at least
50% obstruction of one or more major coronary arter-
ies. The angiograms were evaluated by two cardiolo-
gists (A.S. and N.R.) who were unaware of the results
of the biochemical studies. Seventy-two of 202 control
subjects were admitted for the evaluation of symptoms
potentially related to cardiovascular disease. Investi-
gations which included coronary angiogram showed
no evidence of coronary artery disease. All had diag-
noses unrelated to atherosclerosis. The rest of the con-
trols were randomly selected from the "normal" popu-
lation that had neither history nor clinical evidence of
cerebrovascular, coronary artery, or peripheral vascu-
lar disease.
Among 36 cardiac patients with thermolabile

MTHFR, 20 patients and family members of 10 pa-
tients agreed to undergo further laboratory studies.
In addition, parents of eight patients with severe
MTHFR deficiency were available for study. These
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eight patients had less than 2% of normal lymphocyte
MTHFR activity and their clinical manifestations
were characteristic of the severe classical disease.
Hence, their biological parents were obligate hetero-
zygotes of the classical mutation but were clinically
normal.
Venous blood was placed in ethylenediaminetetra-

acetate tubes. Lymphocytes were separated immedi-
ately with Ficoll-Hypaque (Jondal et al. 1972) and
washed with Hank's balanced buffer. Aliquots of lym-
phocytes were stored at - 720C until the preparation
of enzyme extracts. The method for enzyme assay has
been described elsewhere (Kutzbuch and Stokstad
1971; Kang et al. 1988a, 1988b). The reaction mixture
contained 0.18 M potassium phosphate buffer pH
6.3, 37 nM menadione bisulfate, 80 pM [14C]methy-
lenetetrahydrofolate (0.8-1.4 x 106 cpm), 1.15 mM
EDTA pH 7.0, 11.5 mM ascorbic acid, 54 pM flavin
adenine dinucleotide, and 258 pAl cell lysates in a final
volume of 436 gl. Final pH of the reaction mixture
was 6.6. Except the blank, all tubes were incubated
at 370C for 20 min. The blank contained all the com-
ponents of the test sample, but its reaction was termi-
nated at time 0. The reaction was terminated by the
addition of 0.3 ml 20 mM dimedone in 1.0 mM potas-
sium acetate buffer pH 4.5. The mixture was placed in
boiling water for 5 min, and cooled in ice for 5 min.
After the addition of 3 ml toluene, it was vigorously
mixed with a Vortex mixer. A 2-ml aliquot of the toluene
phase was used for the measurement of radioactivity.
Specific enzyme activity was expressed in nmol formal-
dehyde produced/mg protein/h. It was demonstrated
that heat inactivation ofMTHFR was more pronounced
in the absence of flavin adenine dinucleotide (Rosen-
blatt and Erbe 1977). Hence, flavin adenine dinucleo-
tide was omitted during heat inactivation. Thermosta-
bility of MTHFR was expressed as the percentage
of residual activity after heat treatment at 461C for
5 min. Normal cell lysates retained 20%-50% of the
initial enzyme activity after heating. In contrast, lym-
phocyte extracts with thermolabile MTHFR retained
only 7%-17% of the initial activity after heating.
Hence, thermolabile MTHFR is defined in this study
as that having residual activity of less than 20%.

Total plasma homocysteine was determined as de-
scribed elsewhere (Kang et al. 1986). The value of
total homocysteine was calculated as nmol homocys-
teine/ml. Other laboratory studies included fasting
blood glucose, blood cell counts, serum electrolytes,
creatinine, uric acid, total cholesterol, LDL and HDL

cholesterol, triglyceride, total protein, albumin, folic
acid, and B12.

Quantitative values were expressed as mean + SD.
The differences between the data from the patients
with coronary artery disease and the control subjects
were evaluated using Student's t-test for independent
samples. The x2 test and Pearson correlation coeffi-
cient were used to evaluate the association between
two variables. A logistic regression equation relating
thermolabile MTHFR to age, sex, diabetes, hyperten-
sion, total cholesterol, HDL and LDL cholesterol, tri-
glycerides, total homocysteine, folic acid, cyanocobal-
amin, and coronary artery disease was developed.

Results

The distribution of residual MTHFR activity after
heat treatment at 460C for 5 min in 202 control sub-
jects is shown in figure 1. The distribution was bi-
modal and was essentially the same as that found in
the cardiac patients in our previous study (Kang et al.
1988a). Hence, MTHFR was defined as thermolabile
when residual activity was less than 20% after heat
inactivation.
The incidence of thermolabile MTHFR in 212 pa-

tients with coronary artery disease and 202 controls
was compared (table 1). The mean age + SD in the
patients and controls was 60.7 + 11.7 and 59.6 +
10.1 years, respectively (P > .1) (not shown). Ther-
molabile MTHFR was found in 36 (17.0%) cardiac
patients and in 10 (5.0%) controls. The difference
between the two groups was significant (P < .05).
However, there was no significant difference in the

17 f -.-

15

13

_ 12

_ 11

PC 10

E 9
D

- 7

B,. 6

A3

2

0 IIIIII2 1o1241 4 15 1 110 2I4 2 28 2jAj36j28 4146
PERCENT RESIDUAL ACTIVVTY OF MPTYHYLEMETF.TRAHYDROPOLSTE REDUCTASE
AFTER HFATTNG

Figure I Distribution of residual activity of MTHFR after
heat inactivation at 460C for 5 min in 202 control subjects.

is -

14

538



Thermolabile Methylenetetrahydrofolate Reductase

Table I

Thermolabile MTHFR in Controls and Cardiac Patients

CONTROLS PATIENTS

Male Female Total Male Female Total

No. of subjects studied.......................... 12478 202 147 65 212
No. with thermolabile MTHFR .............. 5 5 10 25 11 36
Percentage with thermolabile MTHFR ...... 4.0 6.4 5.0* 17.0 16.9 17.0*

* P < .05 for the difference between the patients and the controls.

incidence of thermolabile MTHFR among the males
and females in either group. The average age at onset
of clinical coronary artery disease in the 36 cardiac
patients with thermolabile MTHFR was 57.3 ± 7.6
years, and the mean age of the 10 subjects with ther-
molabile MTHFR but without vascular disease was
51.5 ± 16.2 (P > .05).
The relationship between residual activity and spe-

cific enzyme activity was studied. In 10 cardiac pa-
tients with thermolabile MTHFR and their family
members (fig. 2), the distribution revealed two distinct
groups. Ofthese 56 subjects, 22 had residual activities
in the thermolabile range varying from 8.6% to 17.3%.
Thirty-four had thermostable MTHFR with residual
activities varying from 24.4% to 45.6%. There was
no overlap. Specific enzyme activities in the two groups
were 5.58 ± 0.91 and 10.33 + 2.89 nmol formalde-
hyde produced/mg protein/h, respectively. The differ-
ence in specific activities was significant (P < .05).
However, there was considerable overlap between the
values in the thermolabile and thermostable groups.
The pattern of inheritance in these 10 families was

tested by applying the Hardy-Weinberg law (Smith
1956). As shown in table 2, the distribution ofthermo-
stable and thermolabile MTHFR among the offspring
was tabulated according to the three observed combi-
nations of parental phenotypes. All of the offspring
were younger than 40 years of age and were clinically
normal. First, in the two families in which both par-
ents had thermolabile MTHFR, all four offspring as
expected had thermolabile MTHFR. Second, in the
six families in which one of the parents had thermola-
bile MTHFR, there were 14 offspring with thermosta-
ble and five with thermolabile MTHFR. The expected
number of offspring with thermostable and thermola-
bileMTHFR was 15.53 and 3.47, respectively. Third,
in the two families in which both parents had thermo-
stable MTHFR, two of seven offspring in one family
had thermolabile MTHFR and one of three offspring

in the other family had thermolabile MTHFR. The
expected total numbers with thermolabile and ther-
mostable MTHFR were 3.25 and 9.75 respectively.
The agreement between the observed and the expected
numbers was consistent with the hypothesis that ther-
molabile MTHFR was inherited as an autosomal re-
cessive trait.

Similar to heterozygotes for severe MTHFR defi-
ciency, subjects with the thermolabile MTHFR vari-
ant had enzyme activity that was about 50% of the
normal mean. Thus, thermostability of MTHFR in
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MTHFR among 56 individuals.
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Table 2

Distribution of Thermostable and Thermolabile MTHFR in Offspring of
Parents of Various Phenotypes

No. OF OFFSPRING

Thermostable MTHFR Thermolabile MTHFR
No. OF

PARENTAL PHENOTYPE FAMILIES Expected Observed Expected Observed Total

Thermolabile MTHFR x
thermolabile MTHFR.... 2 0 0 4 4 4

Thermostable MTHFR x
thermolabile MTHFR.... 6 15.53 14 3.47 5 19

Thermostable MTHFR x
thermostable MTHFRa... 2 9.75 10 3.25 3 13

a Both families had offspring with thermolabile MTHFR, indicating that all parents are heterozygotes
for thermolabile MTHFR.

heterozygotes for severe MTHFR deficiency was also
investigated (table 3). Among 16 "obligate" heterozy-
gotes, parents of eight patients whose lymphocyte
MTHFR activities were less than 2.0% of the normal
mean, 13 had thermostable MTHFR, whereas three
had thermolabile MTHFR. This indicated that alleles
for thermolabile MTHFR and for severe MTHFR de-
ficiency were derived from different mutations. The
biochemical characteristics of the thermolabileMTHFR
in these three heterozygotes were distinguishable from
those in the thermolabile variant(s) described in this
study and were most likely due to compound heterozy-
gosity for thermolabile MTHFR and severe MTHFR
deficiency (Kang et al. 1991).
Some major risk factors for coronary artery dis-

ease-diabetes mellitus, hypertension, plasma lipids,
and total homocysteine concentrations-were as-
sessed in 37 subjects with thermolabile MTHFR (table
4). These 37 subjects were derived from the cardiac
patients, the controls, and their available family mem-
bers. Among the 20 cardiac patients, two had diabe-
tes, and three had hypertension. They were treated
with diet and medication. Serum total, HDL, and LDL
cholesterol, serum triglycerides, and total plasma ho-
mocysteine in these 20 patients were 218 ± 40 mg/
dl, 44 ± 11 mg/dl, 131 ± 29 mg/dl, 218 ± 176
mg/dl and 13.19 + 5.32 nmol/ml, respectively. In
contrast, among the 17 subjects with thermolabile
MTHFR but without clinical vascular disease, two
had hypertension. Blood chemistry studies in these 17
subjects showed total cholesterol of 226 ± 61 mg/dl,

HDL cholesterol of 47 + 16 mg/dl, LDL cholesterol
of 148 + 54 mg/dl, serum triglycerides of 151 ± 84
mg/dl and total plasma homocysteine of 11.17 +
3.74 nmol/ml. A logistic analysis showed a significant
difference in age and sex (P < .05) but no significant
difference in lipid values between the two groups. Fol-
lowing the classification provided by the report of the
National Cholesterol Education Program Expert Panel
(Expert Panel 1988), high total and LDL cholesterol
values (total cholesterol >240 mg/dl; LDL cholesterol
>160 mg/dl) were seen in 37.8% and 24.3% of the
subjects with thermolabile MTHFR with and without
cardiac disease, respectively. Nonetheless, the mean
total and LDL cholesterol levels were not significantly
higher than the normal mean (P> . 1). The mean total
plasma homocysteine levels were 13.19 ± 5.32 nmol/
ml in the cardiac patients and 11.17 ± 3.74 nmol /ml
in subjects with thermolabile MTHFR but without
heart disease (normal value, 8.50 ± 2.80 nmol/ml).
Both the cardiac patients and the subjects with ther-
molabile MTHFR alone had significantly higher ho-
mocysteine than normal subjects (P < .05). However,
there was no significant difference between the cardiac
patients and the subjects with thermolabile MTHFR
alone. Eight of 17 cardiac patients with normal serum
folate and cyanocobalamin (52.9%) had total plasma
homocysteine more than 1 SD above the normal mean,
suggesting a possible association between thermola-
bile MTHFR and hyperhomocysteinemia in these pa-
tients. Nonetheless, moderate hyperhomocysteinemia
was not a consistent finding in these patients. This was
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Table 3

Specific Activity and Thermostability of MTHFR in "Obligate" Heterozygotes
for Severe MTHFR Deficiency

Family and Parent Specific Activitya Residual Activity

I:
Father ............................................ 5.17 39.6%
Mother .............................. 4.35 37.9%

II:
Father ............ .................. 3.79 24.1%
Mother .............................. 5.88 39.0%

III:
Father ............................................ 1.22 27.5%
Mother ...............................5.46 46.6%

IV:
Father ............................................ 4.91 13.8%
Mother ...............................4.28 43.9%

V:
Father ............................................ 4.5028.8%
Mother .............................. 5.69 34.1%

VI:
Father............................................. 8.98 432%
Mother ...............................1.76 11.5%

VII:
Father..... ............... ...............8.98 28.3%

Mother ..... . .........2.349.1%
VIII:

Father ............................................ 4.47 40.5%
Mother .............................. 5.71 34.2%

Heterozygotes (N = 16) ............ 4.85 ± 2.25 31.38 ± 11.8%
(5.50 ± 1.96)b (35.98 ± 7.1 %)b

Thermolabile Variant (N = 22) ............. 5.58 ± 0.91 12.1 ± 1.7%
Normal (N = 34) .............................. 10.33 ± 2.89 33.3 ± 4.5%

a Specific activity of MTHFR in lymphocyte extracts is expressed in nmol formaldehyde formed/mg
protein/h.

' Values in parentheses are mean ± SD from heterozygotes with thermostable MTHFR.

probably due to an interaction between thermolabile
MTHFR and other genetic as well as nongenetic fac-
tors affecting homocysteine levels.

Discussion

The observation in our previous study of 21 cardiac
patients under 50 years of age (Kang et al. 1988a)
suggested a positive correlation between thermolabile
MTHFR and the development of coronary artery dis-
ease. This study of 212 patients with proven coronary
artery disease who were recruited without restriction
on age or the presence or absence of other major risk
factors has confirmed our previous observation.

Thermolability ofMTHFR was demonstrated to be
the result of an alteration of the enzyme itself and was
not due to the effect of an environmental factor(s)
(Kang et al. 1988b). Although the specific activity of
thermolabile MTHFR is about 50% of the normal
mean, it is a distinct and different mutation from that
of severe MTHFR deficiency. In other words, subjects
with thermolabile MTHFR are not heterozygotes for
severe MTHFR deficiency. Despite a similar decrease
of specific activity, the enzyme in the heterozygotes for
severe MTHFR deficiency is thermostable.
Phenotype analysis of subjects with thermolabile

MTHFR and their family members supports the hy-
pothesis that thermolability ofMTHFR is transmitted
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Thermolabile Methylenetetrahydrofolate Reductase

as an autosomal recessive trait, and that subjects with
thermolabile MTHFR are mostly homozygotes based
on the evaluation of biochemical phenotypes. Molecu-
lar evidence of homozygosity is not available at this
time.

Clinically, patients with severe MTHFR deficiency
had moderate to profound neurological abnormalities
and mental retardation (Erbe 1986; Rosenblatt 1989).
Postmortem examination in these patients revealed
striking vascular lesions, such as thromboembolism in
many vessels, occlusions of cerebral, coronary or renal
arteries, and infarcts (Kanwar et al. 1976; Baumgart-
ner et al. 1980). The severity of the clinical and bio-
chemical abnormalities appeared to be correlated with
the degree of enzyme deficiency. The eight patients
with severe clinical disease and severe MTHFR defi-
ciency in the families listed in table 3 had less than
2% of normal mean enzyme activity in lymphocyte
extracts (data not shown), whereas patients with the
thermolabile MTHFR variant had 50% of normal ac-

tivity. Hence, it appears that a moderate deficiency of
MTHFR activity due to thermolabile MTHFR does
not produce neurological abnormalities or mental re-

tardation but may be associated with the development
of late-onset vascular disease. Familial hypercholester-
olemia is an analogous example of the difference in
biochemical severity observed between homozygotes
and heterozygotes in the development of premature
artherosclerosis (Goldstein and Brown 1989). The
clinical picture in homozygotes is remarkably uniform
and distinctly different from that in heterozygotes. Un-
like the severe disease in homozygotes, the disease in
the heterozygotes for familial hypercholesterolemia is
much more variable. Similarly, in this study, 21.3%
of subjects with thermolabile MTHFR had no evi-
dence of clinical vascular disease even after 50 years
of age (table 4). It is suggested that contributions of
other factors may also be important in the develop-
ment of atherosclerotic vascular changes in subjects
with thermolabile MTHFR.

It has been documented that severe hyperhomocys-
teinemia is associated with an accelerated develop-
ment of atherosclerosis (Gibson et al. 1964; McCully
1969). Subsequently, moderate hyperhomocystein-
emia has also been found to be correlated with the
occurrence of late-onset vascular disease (Wilcken and
Wilcken 1976; Brattstrom et al. 1984; Boers et al. 1985;
Murphy-Chutorian et al. 1985, Kang et al. 1986; Mal-
inow et al. 1989). Thus, the elevated plasma homocys-
teine in most subjects with thermolabile MTHFR sug-
gests that persistent hyperhomocysteinemia is a cause

of atherosclerosis. The fact that moderate hyperho-
mocysteinemia is produced or prevented by various
nongenetic factors explains the failure to detect hyper-
homocysteinemia in some subjects with thermolabile
MTHFR. In other words, reduced activity in thermo-
labile MTHFR may increase the susceptibility to pro-
ducing hyperhomocysteinemia because of its interac-
tion with a nongenetic factor(s) such as a low level of
serum folate (Kang et al. 1987; Mudd et al. 1989).
It has been observed that heterozygosity for severe
hyperhomocysteinemia due to cystathionine synthase
deficiency is not necessarily associated with elevated
plasma homocysteine (Wilcken et al. 1983; Murphy-
Chutorian 1985; Sartorio et al. 1986; McGill et al.
1990). However, the possibility that mechanism(s)
other than hyperhomocysteinemia causes vascular
damage in the subjects with thermolabile MTHFR
cannot be excluded. For instance, it may be speculated
that, despite a normal homocysteine concentration,
these subjects may have decreased transmethylation
due to a reduced pool size of methyltetrahydrofolate,
which is produced by the action of MTHFR. Patho-
genesis of accelerated atherosclerosis due to moderate
MTHFR deficiency cannot be fully addressed at the
present time.
The present study has demonstrated that the inci-

dence of thermolabile MTHFR is 5% in the controls.
This suggests that the gene frequency is very high
among the general population. At present, there is no
direct evidence that thermolabile MTHFR is derived
from a single genotype. Moderate to intermediate hy-
perhomocysteinemia found in some subjects with ther-
molabile MTHFR was corrected by oral folic acid
supplement (Kang et al. 1987, 1988b). Whether hy-
perhomocysteinemia is induced or not, the effect of
decreased activity of MTHFR can be overcome by the
supplementation of excess substrate. Hence, the use
of folic acid may be effective for preventing hyperho-
mocysteinemia and the development of atherosclero-
sis due to thermolabile MTHFR.
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